PROTEIN FOLDING (1) IS A REAL challenge
that nature has presented to molecular physicists and molecular biologists because each protein knows how to fold, but nobody understands how this is done. There are two basic problems in protein folding: one is that of intermediate states, which correspond to the local minima of free energy on a folding pathway, and the other is that of transition states, which correspond to the potential energy barriers on this pathway.
There is one very important feature of protein structures. Each protein has its own amino acid sequence and its own detailed tertiary structure based on the specific tight packing of its side chains. However, analogous proteins from different species and proteins with slightly different functions can have a large variety of sequences and tertiary structures, but still share a common architectural motive ("tertiary fold" or "folding pattern") (2). For instance, different globins have only two sites occupied by invariant amino acids, but all of them share the same "globin fold." There are also the "immunoglobin fold," the "trypsin fold," and many others. Moreover, many quite different proteins can share similar folding patterns, suggesting that the number of folding patterns is much smaller than the number or proteins (2, 3), probably only about 1000 (see ref 4). The similarity of folding patterns of different proteins permits the assumption that protein folding pattern may be at least partly determined by some general features of the sequence rather than by all details of specific packing of ride chains (3, 5).
More than 20 years ago I assumed (6) that the overall architecture of protein molecules can be formed before their specific tertiary structure. Compact intermediates with secondary structure, but without the tight packing of side chains, were later revealed both as the equilibrium state at mild denaturing conditions (7) and as kinetic intermediates during protein folding (8; and see ref s 9-13 for recent reviews). There is some evidence that these intermediates have a number of important features of the corresponding native proteins (9, 10, 13, 14). However, this evidence
is not yet sufficient to judge whether these intermediates do or do not include the tight packing of side chains in some "key" points of a protein molecule.
The as is the case for the two-state transition in macroscopic systems. This means that folding starts from the formation of a 3-dimensional nucleus that is much smaller than the whole protein chain and represents the saddle-point in the folding pathway. The formation of this nucleus is the rate-limiting step of the process, because once it is formed it grows very rapidly into the whole structure. The important point that follows both from experiments (16) and from computer simulations (17; E. I. Shakhnovich, V. I. Abkevich, and 0. B. Ptitsyn, unpublished results) is that the folding nucleus is specific, i.e., it includes a definite set of native-like contacts rather than just a sufficient number of any of these contacts. it has been shown (Shakhnovich et a!., unpublished results) that the residues involved in the specific folding nucleus are highly conserved (even when compared with other buried residues), and this property can be used for the prediction of folding nuclei.
Despite the important progress in the study or protein folding, we are still far from a clear understanding of this problem. The role of kinetic intermediates in protein folding remains unclear and is even questioned, while the study of the transition state is just being started. Therefore, it was a good idea for the editors of The FASEB Journal to assemble a special issue devoted to protein folding.
A of its sequence (mainly the internal residues) are responsible for its 3-dimensional-structure.
He shows also that cavities in a protein core produced by replacements of large nonpolar groups by small ones can be filled by nonpolar ligands. The systematic study of mutations of the P22 Arc repressor performed by R. T. Sauer (23) and co-workers leads them to an important conclusion that the transition state does not include tight packing of the hydrophobic core and native hydrogen bond geometry: these appear later and therefore cannot be rate-limiting.
Three articles are devoted to the thermal stability of proteins. R. Jaenicke (24) discusses the important issue of the reasons for the extreme stability of such proteins as crystallins from the lens of the eye or enzymes from hyperthermophilic microorganisms.
He shows how the mutation technique can help clarify the nature of protein stability and its relation to the hierarchic structure and folding of these proteins. J. H. Carra and P. L. Privalov (25) 
